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PATENT 

ATTORNEY DOCKET NO: 02103/349001 

OSCILLATOR CONTROLLING * 

5 This application relates to controlling the frequency 

of an oscillator, and, more particularly, to controlling the 
frequency of a local oscillator in a superheterodyne receiver 
when the receiver is tuned to a particular frequency. 

A superheterodyne receiver mixes two different 

10 electrical signals, typically having two different frequency 
values, to produce an electrical signal having an intermediate 
frequency at the output . The superheterodyne receiver is 
tuned to receive a particular frequency, a signal in the radio 
frequency range which constitutes one of the two different 

15 electrical signals. The superheterodyne receiver also 
includes a local oscillator that produces an electrical signal 
at a predetermined frequency. The receiver mixes the 
electrical signal from the local oscillator with the received 
signal to produce an output signal at an intermediate 

2 0 frequency. 

For example, for an unlicensed communications device, 
a superheterodyne receiver can be tuned to receive a signal 
within a frequency range of, e.g., 2400 MHz - 2485 MHz. In 
turn, the local oscillator can be tuned to a frequency based 
25 on an offset from the received signal, e.g., 40 MHz above the 
frequency of the received signal. Alternatively, the offset 
frequency of another receiver can be, e.g., 40 MHz below the 
frequency of the received signal. In either case, when mixed, 
the intermediate frequency is 40 MHz. 

3 0 Currently, the Federal Communications Commission (FCC) 

allows unlicensed communication products to operate within the 
frequency band noted above, i.e., 2400 MHz - 2485 MHz. The FCC 
also allows unintentional radiation of signals of a certain 
level in this band. However, any radiation of a signal from 
35 the device outside the specified frequency band must be 
suppressed by 40 db more to avoid interfering with devices 



operating on other frequency bands. Thus, for example, when 
a local oscillator of a superheterodyne receiver is tuned 4 0 
MHz above the received signal and the received signal is 
greater than 244 5 Mhz, the local oscillator is tuned to a 
5 frequency that lies outside the frequency band, i.e., higher 
than 2485 MHz. Similarly, when a local oscillator is tuned 40 
MHz below the received signal and the received signal is less 
than 2440 Mhz, the local oscillator again is tuned to a 
frequency that lies outside the frequency band, i.e., lower 

10 than 2400 MHz. When the local oscillator is tuned outside the 
bounds of the frequency band (or is tuned near the bounds of 
the frequency band) , additional processing may be required to 
ensure that the local oscillator is sufficiently suppressed. 
The invention is a controlling device that tunes a local 

15 oscillator of a receiver to a frequency within a frequency 
range. The frequency range is the range of reception 
frequencies to which the receiver can be tuned to receive 
electromagnetic signals . 

Through some other means, the frequency which is 

2 0 desired to be received is known. The desired frequency to be 
received is compared with a threshold frequency. Based on the 
comparison, the oscillator is tuned: to a frequency less than 
the received frequency when the received frequency is above 
the threshold frequency, and tuned to a frequency greater than 

2 5 the received frequency when the received frequency is less 

than the threshold frequency. 

Embodiments of the invention may include the following 
features . 

In a superheterodyne receiver, the range of 

3 0 frequencies is bounded by high and low frequencies Fhigh Fj^„ 

respectively, where Fhigh is 2400 MHz and F^o^ is 2485 MHz. A 
received frequency is converted to an index value based on a 
number of channels in the range of reception frequencies and 
based on a channel spacing in the range of reception 



frequencies. The threshold frequency is also represented as 
an index based on the same criteria. The threshold frequency 
approximately equals Flo„ + (Fhigh - Flow) /2 - Frequency offsets, 
having equal magnitudes, are applied to the received 
5 frequency: subtracted when the received frequency is greater 
than the threshold frequency, and added when the received 
frequency is less than the threshold frequency. The frequency 
offsets are less than or equal to (Fhigh ~ Flow)/2, and are equal 
to an intermediate frequency of the receiver. The frequency 
10 determined by adding or subtracting the offset frequency is 
the frequency to which the local oscillator is tuned. 

An aspect of the invention may include the following 
features . 

A phase locked loop controls the oscillator, and a 
15 microprocessor contains computer instructions to execute the 
functions of the controlling device. 

Embodiments within the scope of the claims may have 
one or more of the following advantages . 

The local oscillator is tuned to a frequency that lies 

2 0 only within the frequency range. The signal from the local 

oscillator does not require additional signal processing to 
suppress the signal at frequencies outside the frequency 
range. Radiation of the signal from the local oscillator 
outside the frequency range does not adversely affect other 
25 devices operating at frequencies outside the frequency range. 
Receivers utilizing the controlling device meet FCC 
regulations regarding radiation of signals outside a frequency 
band dedicated to unlicensed electronic devices. 

Other features, objects and advantages will become 

3 0 apparent from the following detailed description when read in 

connection with the accompanying drawings in which: 
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FIG. 1 is a schematic view of a receiver utilizing a 
local oscillator controlling device according to the 
invention; 

FIG. 2A is a schematic view of a first portion of an 
5 electronic circuit of the controlling device of FIG. 1; 

FIG. 2B is a schematic view of a second portion of an 
electronic circuit of the controlling device of FIG. 1; 

FIG. 2C is a schematic view of a third portion of an 
electronic circuit of the controlling device of FIG. 1; 

10 FIG. 3 is a block diagram of logic executed by the 

controlling device of FIG. 1; and 

FIG. 4 is a schematic diagram illustrating the tuning 
of a local oscillator of the receiver of FIG. 1 within a 
frequency range. 

15 Referring to FIG. 1, a receiver 10 is, e.g., a 

superheterodyne receiver that may comprise a portion of a 
controller used to both transmit and receive electromagnetic 
signals. As an example, receiver 10 can comprise a remote 
control for use with a music system, a. television or cable 

2 0 box. Receiver 10 typically complies with FCC regulations 
regarding unlicensed transmission and reception devices. 
Receiver 10 then operates within a predetermined frequency 
band 12, which is specified as the frequency range bounded at 
a low end by a frequency, F^o^, of 2400 MHz and bounded at a 

25 high end by another frequency, F^gh/ of 2485 MHz, 

Receiver 10 includes a signal path for processing an 
electromagnetic signal. The signal path includes an antenna 
16, and input signal path 14, a mixer 36, an output signal 
path 38. Receiver 10 receives the electromagnetic signal at 

30 antenna 16. Antenna 16 receives an electromagnetic radio 
signal having a frequency within frequency band 12 . Antenna 
16 converts the received radio signal into an electrical 
signal, and input signal path 14 conducts the electrical 



signal to circuitry of receiver 10, e.g., to mixer 36. Output 
signal path 38 further includes IF processing and detector 44. 
The output signal of mixer 36 is the intermediate frequency of 
receiver 10, e.g., 40 MHz. IF processing and detector 44 
5 processes the frequency components of the intermediate 
frequency signal to provide the receiver output. 

Receiver 10 includes an oscillator controlling device 
40 that is connected to local oscillator 26. An input 42 of 
device 40 determines what is the desired reception frequency. 

10 Controlling device 4 0 processes the reception frequency 
signal, and, based on the signal, issues a control signal used 
to tune the local oscillator 2 6 to a desired frequency. 

Oscillator controlling device 40 of receiver 10 
includes a frequency comparator 18, and offset circuitry 22. 

15 Frequency comparator 18 is constructed and arranged to compare 
the desired reception frequency from input 42 to a threshold 
frequency value. If the desired reception frequency from 
input 42 is greater than the threshold frequency value, 
frequency comparator 18 issues an output, e.g., a high voltage 

20 signal. If the frequency of the electrical signal is less 
than the threshold frequency value, frequency comparator 18 
issues a different output, e.g., a low voltage signal. 

An input/output 20 electrically connects frequency 
comparator 18 to offset circuitry 22. Offset circuitry 22 

25 issues a control signal at an output 24. The control signal 
is based on the output signal of frequency comparator 18, and 
the desired reception frequency input 42 and offset circuitry 
22 controls the frequency to which local oscillator 26 is 
tuned. Local oscillator 26 is tuned to a frequency that is 

3 0 either a positive or negative offset relative to the frequency 
of the desired reception frequency from antenna 16. 

Offset circuitry 22 determines which of two offset 
values to apply to local oscillator 26. Based on the control 
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signal from offset circuitry 22, receiver 10 tunes local 
oscillator 26 to a frequency that is less than the reception 
frequency when frequency comparator 18 determines that the 
reception frequency is greater than the threshold frequency. 
5 On the other hand, based on the control signal, receiver 10 
tunes local oscillator 26 to a frequency that is greater than 
the reception frequency when frequency comparator 18 
determines that the reception frequency is less than the 
threshold frequency. 

10 Comparators generally are well known in the art and 

many different implementations can be used to practice the 
invention. Similarly, one skilled in the art can use a 
variety of mechanisms to implement the functions of offset 
circuitry 22. For example, a specific implementation of both 

15 frequency comparator 18 and offset circuitry 22 is illustrated 
in FIG. 2B. Frequency comparator 18 and offset circuitry 22 
are implemented together using a single microprocessor 60. 
Microprocessor 60 contains a computer readable medium that 
contains preprogrammed instructions corresponding to the 

2 0 functions of both frequency comparator 18 and offset circuitry 
22. Microprocessor 60 executes the instructions to issue a 
control signal that receiver 10 uses to tune local oscillator 
2 6 to a desired frequency. 



Local oscillator 26 includes a phase-locked loop (PLL) 
25 28 that determines the frequency of oscillator circuitry 30. 
The output of oscillator circuitry 3 0 is fed back to PLL 2 8 
along a feedback loop 32. Thus, local oscillator 26 includes 
a mechanism to maintain the desired frequency to which local 
oscillator 26 has been tuned. In receiver 10, PLL 28 is 
30 implemented by a combination of analog and digital circuitry. 

The output of local oscillator 26 becomes an input 34 
to mixer 36. Mixer 36 has two inputs, oscillator input 34 and 
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input signal path 14. Mixer 3 6 mixes both inputs from signal 
paths 14 and 34 to produce the intermediate frequency signal 
at output signal path 38. 

Referring to FIGS. 2A-2C, a specific implementation 
5 for receiver 10 is shown with sections of the circuitry 
correlated to the components discussed in relation to FIG. 1. 
In FIG. 2A, input signal path 14 extends from antenna 16 to 
mixer 36. Local oscillator 26, which includes PLL 28 and 
oscillator circuitry 30, connects to mixer 36 via signal path 

10 34, i.e., the local oscillator receive signal, RCV_LO. In 
FIG. 2B, PLL 28 (Fig. 2A) connects to local oscillator 
controlling device 40 via digital control signals issued along 
input /output 24, e.g., PLL_CE, PLL_DATA and PLL_CLK (shown in 
FIGS . 2A and 2B) . 

15 In addition to the implementation shown in FIGS. 2A- 

2C, many other implementations are possible for receivers 
within the scope of the claims. For example, output signal 
path 38 can include a variety of combinations of electrical 
components not shown in FIGS. 1 and 2A-2C. In addition, 

2 0 receiver 10 incorporates the separate functions of frequency 
comparator 18 and offset circuitry 22 into single 
microprocessor 60. One skilled in the art may provide a wide 
variety of alternate implementations for the components of 
receiver 10. 

25 , Referring to FIG. 3, receiver 10 utilizes a set of 

computer instructions to tune local oscillator 26. The 
computer instructions are contained on a computer readable 
medium within microprocessor 60 (FIG. 2B) . The computer 
instructions perform the functions of both frequency 

30 comparator 18 and offset circuitry 22. 

For example, receiver 10 loads a digital value 
representing the reception frequency (i.e., the frequency of 
the received signal) into registers of microprocessor 60, e.g. 



registers WA. (Step 100) Based on the value in registers WA, 
receiver 10 determines whether the frequency is above or below 
a value representing the threshold frequency of frequency 
comparator 18. (Step 102) In receiver 10, the threshold 
5 frequency is the center of frequency band 12. For example, 
frequency band 12 is bounded by high and low frequencies Fhigh 
and Flow respectively, and the threshold frequency equals F^ow 
+ (Fhigh " Flow)/2, i.e., 2442.5 iVIHz . 

If the value in registers WA is below the threshold 

10 value, receiver 10 sets a value indicating that the reception 
frequency is not in the high band, i.e, 2442,5 MHz to 2485 
MHz. (Step 104) If the value in registers WA is above the 
threshold value, receiver 10 sets a value indicating that the 
reception frequency is within the high band. (Step 106) 

15 After the high band status is determined to be true (step 104) 
or false (step 106) . receiver 10 loads the appropriate offset 
value into a second set of registers, e.g., registers BC. 
(Steps 104, 106) The offset value is a digital representation 
of the offset frequency that receiver 10 applies to local 

20 oscillator 26. 

In receiver 10, the offset value is one of two values, 
40 MHz or -40 MHz. When receiver 10 loads the appropriate 
offset value, receiver 10 adds the offset value of registers 
BC to the reception frequency value of registers WA. (Step 

25 108) . Finally, receiver 10 uses the resulting value, which is 
stored in registers WA, to program phased locked loop 28. 
(Step 110) 

As an example, the computer instructions of 
microprocessor 60 are implemented according to the following 
30 Pseudo-C subroutine: 

Void SetReceiveFrequency {) 
WA = BandFrequency Index; 
If (WA <= RF_Band_Center) 
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Highband = False; 

P7.Data_0ut = False; 

BC = Base_LowBand_Rcv_Of f set ; 

else 

5 Highband = True; 

P7.Data_0ut = True; 
BC = Base_HighBand__Rcv_Of f set ; 
WA = (WA<<1) ; /* (index) x (channel spacing) */ 
WA = WA + BC; 
10 WritePLLFrequency (WA) ; 

Return; 

In the implementation above, an index of frequencies 
is used to represent the reception frequency. For example, 
frequency band 12 is a continuous band, but receiver 10 

15 subdivides frequency band 12 into a discrete number of 
channels that are each separated by 2 00 kHz. Thus, to 
calculate a digital value for the reception frequency, 
receiver 10 sequentially associates each channel with a 
discrete value in the index of frequencies. To convert the 

20 index value to a digital representation of the actual 
frequency prior to programming PLL 28, receiver 10 multiplies 
the index value by the channel spacing, e.g., 200 kHz. 

When a discrete index value is used, the threshold 
frequency value may need to be approximated. For example, if 

25 the desired threshold frequency is the band center, but the 
band center does exactly coincide with the frequency of a 
channel (e.g., falls between two index values), the threshold 
frequency value can be a value corresponding to an adjacent 
channel . 

30 Referring to FIG. 4, in operation, receiver 10 

prevents excessive radiation of local oscillator 26 outside 
frequency band 12. For every possible reception frequency 
within frequency band 12, local oscillator 26 is tuned to a 



corresponding frequency that also lies within frequency band 
12. For example, if the reception frequency of the received 
signal is 2450 MHz, the local oscillator will be set to a 
value of 2410 MHz. In that case, the reception frequency is 
5 above the threshold value. Therefore, the offset frequency is 
selected as -40 MHz to keep the output of local oscillator 26 
within frequency band 12 . Similarly, if the reception 
frequency of the received signal is 2440 MHz, the local 
oscillator will be set to a value of 2480 MHz. The reception 

10 frequency is below the threshold value. Therefore, the offset 
frequency is selected as 4 0 MHz to keep the output of local 
oscillator 26 within frequency band 12. 

In receiver 10, the offset frequencies are selected to 
provide the desired intermediate frequency, e.g., 40 MHz. 

15 Thus, both offset frequencies have the same magnitude as the 
intermediate frequency (only the direction of the offsets is 
altered) . Receiver 10 accommodates an intermediate frequency 
less than or equal to (Fhigh " Flow) /2 ■ For example, with an 
intermediate frequency of 4 0 MHz, the range of frequencies is 

20 greater than or equal to 80 MHz. If an offset greater than 
(Frigh " Flow) /2 used, a local oscillator will be tuned to a 
frequency outside the bounds of Fhigh Flow- However, other 
designs, which may include offsets and mixing arrangements 
such that an intermediate frequency that is greater than (Fhigh 

25 - Flow)/2/ are possible and remain within the scope of the 
invention so long as the frequency of the local oscillator 
remains within the predetermined frequency band in which the 
reception frequency lies, and the offset frequency is positive 
while receiving signals in the bottom of the band and negative 

3 0 while receiving signals in the top of the band. 

Other embodiments are within the scope of the claims. 
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The embodiments disclosed herein, including all 
structures, arrangements, combinations of parts, algorithms, 
and functions are provided as examples. It is evident that 
those skilled in the art may now make numerous modifications 
to and uses of and departures from the specific apparatus and 
techniques disclosed herein without departing from the 
inventive concepts. Consequently, the invention is to be 
construed as embracing each and every novel feature and novel 
combination of features present in or possessed by the 
apparatus and techniques disclosed herein and limited only by 
the spirit and scope of the appended claims . 



What is claimed is: 



